Modulation of methylenetetrahydrofolate reductase activity by S-adenosylmethionine and by dihydrofolate and its polyglutamate analogues.
Methylenetetrahydrofolate reductase catalyzes the reduction of methylenetetrahydrofolate to methyltetrahydrofolate. This reaction commits one carbon units to the pathways of adenosylmethionine-dependent methylation in mammalian cells. We have purified the pig liver enzyme to homogeneity and shown that it contains FAD as a non-covalently bound prosthetic group. Methylenetetrahydrofolate is not only a substrate for the reductase, but also for thymidylate synthase and for methylenetetrahydrofolate dehydrogenase. The latter reaction leads to utilization of one carbon units in de novo purine biosynthesis. A priori, one might expect that methylenetetrahydrofolate reductase activity would be modulated by cellular requirements for de novo biosynthesis of purines and pyrimidines, as well as by cellular levels of adenosylmethionine. Methylenetetrahydrofolate reductase is inhibited by dihydrofolate and its polyglutamate analogues. The Ki is 6.5 microM for dihydrofolate and decreases with each additional glutamyl residue to a minimum value of 0.013 microM for dihydropteroylhexaglutamate. The I50 for dihydropteroylhexaglutamate inhibition of reductase activity in the presence of 0.5 microM methylenetetrahydropteroylhexaglutamate is 0.07 microM. We propose that stimulation of thymidylate synthase activity (as in the replicating cell) may lead to elevations in the steady state levels of cellular dihydrofolate derivatives and to resultant inhibition of methylenetetrahydrofolate reductase activity. Thus methylenetetrahydrofolate derivatives would be spared for purine and pyrimidine biosynthesis. We have also examined the inhibition of methylenetetrahydrofolate reductase by adenosylmethionine, which serves as an allosteric effector of the enzymatic activity. Adenosylmethionine induces a slow transition in the enzyme, and leads to the inhibition of NADPH-menadione, NADPH-methylenetetrahydrofolate and methyltetrahydrofolate-menadione oxido-reductase activities.